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Summary  
 
Eutrophication is a nutrient enrichment of dams and lakes. Increased eutrophication in dams 
results in blooms of cyanobacteria. Cyanobacteria are troublesome as they form massive 
surface scums, impart taste and odour to the water. Some strains of cyanobacteria such as 
Microcystis aeruginosa are dangerous to humans and animals. They produce toxins that can 
kill animals drinking the contaminated water and have also been implicated in human 
illnesses.  
The study investigated the effectiveness of techniques deployed in controlling cyanobacterial 
growth in Rietvlei, Roodeplaat and Hartbeespoort Dams. This was done by interpreting data 
from April 2010 to March 2012.  
The conditions in the three dams show that Microcystis produced toxins in the summer 
season and all the variables analysed were favourable for the production of toxins. The 
methods deployed to rehabilitate the dams do not completely solve the problems of toxins 
experienced by the dams.  
Keywords: Cyanobacteria, Eutrophication, Microcystis, Phosphorus, Total microcystin, 
Toxins 
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Chapter One: Background 
1.1 Background 
Cyanobacteria proliferate in aquatic ecosystems that are rich in nutrients, in slow moving or 
stagnant water and in water that is warm. The condition of highly rich nutrients in the aquatic 
ecosystem is referred to as eutrophication. Eutrophication is a natural phenomenon that 
occurs as lakes age. Eutrophication can also be ‘cultural’ due to human induced conditions as 
reservoirs are continually enriched by nitrogen and phosphorus. Blooms of cyanobacteria are 
one result of increased eutrophication (van Vuuren, et al., 2006).   
The most important nutrient factors causing a shift from a low to high productive state are 
phosphorus and nitrogen. Phosphorus is the major nutrient in greater demand in relation to 
supply. Phosphorus is chemically reactive, technologically easier to remove from water than 
nitrogen and does not have major reservoirs in the atmosphere. Compared to nitrogen and 
carbon, phosphorus is the one nutrient responsible for fertilisation of lakes leading to 
increased algal biomass with particular reference to cyanobacteria that have a potential of 
producing toxins.  Reduction in phosphorus loadings leads to decrease in excessive algal 
biomass (Wetzel, 1983).  
Cyanobacteria used to be known as blue-green algae because of their darkish blue-green 
colour. However, they are not true algae but are prokaryotes as they are more related to 
bacteria than algae, although they behave like algae in eutrophic waters. Cyanobacteria are 
gram-negative bacteria which contain chlorophyll and perform photosynthesis. The 
cyanobacteria are troublesome as they form massive surface scums, and impart taste and 
odour to the water. Some strains of cyanobacteria such as Microcystis aeruginosa are 
extremely dangerous to humans and animals. They produce toxins that can kill animals 
drinking the contaminated water (Davies and Day, 1998). Many cyanobacterial genera 
produce one or more of a range of cyanotoxins (WHO, 1999).  
Algae include macroscopic and microscopic species which under favourable conditions can 
experience exuberant growth called algal blooms or water blooms. When an algal bloom 
adversely affects environmental, plant, or animal health, it is called a harmful algal bloom. 
Blooms are supported by warm temperatures and waters that contain high levels of nutrients 
especially phosphorus (Backer, 2002). Warm temperatures that lead to rapid growth rates of 
cyanobacteria are water temperatures that exceed 20
o
C (Du Preez and Van Baalen 2006). 
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Cyanobacteria produce a range of potential toxins with different modes of toxicity. Majority 
of cyanotoxins are associated with well-known planktonic and bloom forming cyanobacteria 
that are free-floating in the water, such as Microcystis, Anabaena and Cylindrospermopsis. 
Some benthic cyanobacteria such as Oscillatoria, Phormidium and Lyngbya can also produce 
neurotoxins and hepatotoxins and should also be considered as possible hazard with regard to 
toxicity (WHO, 1999). The cyanotoxin, microcystin-LR (1µg/L), is the most toxic variant of 
microcystin known thus far and the WHO (1999) guidelines are based on this cyanotoxin. 
Microcystin has been identified as potential toxic cyanobacteria worldwide and is produced 
by Microcystis aeruginosa (Global water research coalition (GWRC) and Water Quality 
research Australia (WQRA), 2009).  
There are three major types of toxins namely; hepatotoxins, neurotoxins and liposaccharides. 
Of these the hepato, cyclic, peptide toxins microcystins and nodularin are more widespread 
and cause primarily liver injury. The hepatotoxins have been associated with Microcystis, 
Anabaena, Planktothorix (Oscillatoria), Nostoc, Hapalosiphon, Anabaenopsis and Nodularia 
which are found in South Africa. The hepatotoxin microcystin-LR is the most lethal toxin as 
at 2002 and appears to be more hazardous in terrestrial mammals than to the aquatic biota 
(van Ginkel et al., 2002).   
Hepatotoxins have been reported to cause damage to liver tissues and can cause liver failure. 
These cyanobacterial hepatotoxins are cyclic or ringed peptides (Carmichael and Falconer, 
1993). The ones with seven amino acids are called microcystins and are produced by species 
or strains of Anabaena, Microcystis and Planktothrix, the most common form being 
microcystin-LR (Falconer, 1998). Laboratory animal studies have shown that hepatotoxin 
microcystin may act as tumour promoters particularly liver tumour promoters and teratogens 
(Falconer et. al., 1988). Cyanobacterial toxins are contained within cells and are not released 
to surrounding waters until the cells die. Water that previously contained toxic cyanobacterial 
cells may be contaminated with free toxin (Falconer, 1998).  
Eutrophication in South Africa is a known problem and research has been conducted since 
the 1970s. Many eutrophication management options have been suggested. Cyanobacteria 
blooms have been identified in South Africa particularly in the Crocodile (West) and Marico 
Water Management Areas. Rietvlei, Roodeplaat and Hartbeespoort dams have been classified 
as hypertrophic (van Ginkel 2005). Management of eutrophic conditions have been deployed 
in these three dams to improve water quality. These methods include biomanipulation, 
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artificial mixing in the reservoir water, physical removal of water hyacinth, constructed 
wetlands and restoration of riparian vegetation. Rapid increase of cyanobacteria is a result of 
environmental factors.  
Environmental factors affecting the development and rapid increase in cyanobacteria 
Environmental factors have an effect on the growth of cyanobacteria. These include 
temperature, pH, nutrients (nitrogen and phosphorus), light and buoyancy. Temperature is 
necessary for cellular processes of many phytoplanktons and an increase in temperature 
results in their rates accelerating exponentially.  Cyanobacteria prefer warmer conditions for 
optimal growth. The temperature range is from 20ºC to 30ºC. The growth rate of Microcystis 
has been shown to be optimum at temperatures above 25ºC (Robarts and Zohary, 1987).  A 
survey has shown that temperature has an effect of algal growth rates. As temperature 
increases, the algal group with the highest growth rate changed from diatoms to green algae 
to cyanobacteria (Konopka and Brock, 1978). At high summer temperature conditions 
cyanobacteria are able to out-compete other algal species which is why in temperate water 
bodies in summer cyanobacteria form blooms (Msagati et al., 2006).  
Cyanobacteria favour a pH range that is between 6 and 9 for their optimal growth (Wicks and 
Thiel, 1990). Water pH levels from 7.5 to 9.0 showed to be suitable for Oscillatoria and 
Microcystis growth. pH levels above or below this range caused a significant decrease in 
growth of these cyanobacteria (Wangwibulkit et al. 2008).  
Nutrients such as phosphorus and nitrogen are essential for the growth of cyanobacteria. 
Phosphorus is the major nutrient in greater demand in relation to supply. Phosphorus is the 
one nutrient responsible for fertilisation of lakes leading to increased algal biomass with 
particular reference to cyanobacteria that have a potential of producing toxins.  Reduction in 
phosphorus loadings leads to decrease in excessive algal biomass (Wetzel, 1983). 
Environmental factors that affect the growth of cyanobacteria such as Microcystis, Anabaena, 
Nostoc, Oscillatoria and Aphanizomenon can produce a wide range of potent toxins, 
including a family of hepatotoxins called microcystin that compromise the most frequent 
encountered cyanotoxins in fresh water (Table 1) (World Health Organisation, 1999).   
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Table 1: Principal groups of cyanobacterial toxins and the cyanobacterial genera that produce 
them and their target (World Health Organisation, 1999).  
Toxin Cyanobacteria genera Primary target organ in 
mammals  
Hepatotoxins: 
Microcystin Microcystis, Anabaena, 
Planktothrix, (Oscillatoria), 
Nostoc, Hapalosiphon, 
Anabaenopsis 
Liver 
 
Nodularins 
 
Nodularia 
 
Liver 
 
Cylindrospermopsins 
 
Cylindrospermopsis, Umezakia, 
Aphanizomenon, Raphidiopsis 
 
Liver, kidney, spleen, lungs 
 
Neurotoxins: 
Anatoxins-a Anabaena, Oscillatoria, 
Aphanizomenon, 
Cylindrospermum 
Nerve synapse 
 
Anatoxin-a(S) 
 
Anabaena 
 
Nerve synapse 
 
Saxitoxins 
 
Anabaena, Aphanizomenon, 
Lyngbya, Cylindrospermopsis 
 
Nerve axons 
 
Dermatotoxins: 
Lyngbyatoxin-a Lyngbya, Schizotrix, 
Oscillatoria 
Skin, gastrointestinal tract 
Aplysiatoxin Lyngbya, Schizotrix, 
Oscillatoria 
Skin 
 
Endotoxins: 
Lipopolysaccharides All cyanobacteria Potential irritants, affects any 
exposed tissue 
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1.2 Problem statement 
Microcystis can produce polypeptide toxins called microcystin which is toxic to animals 
ingesting contaminated water. The toxins have also been implicated in human illnesses such 
as necrosis of the liver from ingestion and severe dermatitis from skin contact. Clinical 
human health effects identified after people drank water that was contaminated with 
cyanotoxins include; gastroenteritis, visual disturbance, nausea, vomiting, muscle weakness, 
abdominal pains, diarrhoea, anorexia, headache and painful liver enlargement. Blooms of 
Microcystis can also impart taste and odour to the water and interfere with recreational 
activities.   
1.3 Research objectives 
Roodeplaat, Hartbeespoort and Rietvlei dams have been classified as hypertrophic for many 
decades (Van Ginkel, 2005). The poor water conditions in the dams results in the production 
of undesirable aquatic conditions. Cyanotoxins are one of the many problems. This study 
focuses on cyanotoxins which affect humans and animals that use the water for different 
purposes. Management options to mitigate and improve the water quality problems have been 
done in all three dams.  In light of the above are the management options used in the dams 
effective in mitigating and improving water quality in the dams?  
The effectiveness of the management options to mitigate and improve water quality in the 
dams will be answered by doing the following:  
1. Quantifying total microcystin concentration at all the points in the dam as well as 
nutrients (total phosphorus), temperature, algal biomass particularly cyanobacteria, 
chlorophyll a, clarity of the water, and pH values, as there is a correlation between 
these variables. 
2. Identify possible sources of water quality contamination through field visits.  
3.  After quantifying the water quality variables the risk of using the water by different 
water users will be checked using literature from previous studies. 
4. If the results prove that there is risk, the risks will be discussed and recommendations 
suggested on how to minimise the risk.  
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1.4 Scope of the research 
The research is focussing on cyanobacteria particularly on microcystin toxins that are 
produced by cyanobacteria. The toxins can either be contained in the cells or be released to 
the surrounding environment. Cyanobacteria toxins in potable water and recreational water 
pose a health risk to both humans and animals. 
 The area of interest is the Crocodile (West) Marico Water Management Area (WMA) which 
includes Gauteng Province and part of North West Province. Hartbeespoort Dam, Rietvlei 
Dam and Roodeplaat Dam are dams within the WMA where efforts to improve the conditions 
of water quality have been implemented. These dams are situated in the DWA sub 
catchments A23A, A21A and A21H. They have similar characteristics in terms of land use. 
They all have residential areas, agricultural areas and industrial areas. All these dams have 
point and nonpoint sources upstream. Point sources include sewage works and industrial 
discharge and non-point sources include agricultural activities and residential areas upstream 
of the dams.   
These dams have been classified as hypertrophic (van Ginkel, 2005). The dams are of 
importance as they are used for irrigation, drinking water purposes and recreational purposes. 
Figure 1 shows the distribution of the selected dams. Table 2 shows the general 
characteristics of each dam and Table 3 shows the main types of land cover (formal and 
informal residential land, cultivated land, open land and industrial and commercial land) in 
the catchment of each dam.   
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Figure 1: Map showing the selected dams of the study area: Prepared by author from data from Department of 
Water Affairs 2012a: http://intranet.dwa.gov.za/IWQS/catalog/titles.htm Pretoria   
The study area sites are dams, where there have been techniques deployed to control and 
manage cyanobacterial growth particularly the toxin producing cyanobacteria.  The study 
area sites are located in catchments that have a possibility of producing pollutants that lead to 
cyanobacterial growth in the dams.  
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Table 2: General characteristic of the dams (Van Ginkel et. al.  2007). 
General characteristics of Roodeplaat Dam, Rietvlei Dam and Hartbeespoort Dam 
Dam Roodeplaat Rietvlei Hartbeespoort  
Volume (fsl) (10
6 
m
3
)  41.9 12.88 195 
Maximum depth (m) 43 19 32.5 
Mean depth (m)  10.6 6.2 9.6 
Surface Area (km
2
) 3.97 2.06 20 
Catchment Area (km
2
) 690 492 4112 
Minimum Water surface temperature (◦C) 15.2 10.1 14.4 
Maximum Water surface temperature (◦C) 27.8 30.7 25.7 
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Table 3: Catchment surface area of the dams (Van Ginkel et. al.  2007). 
Land cover types in Roodeplaat Dam, Rietvlei Dam and Hartbeespoort Dam (%) 
Dam Roodeplaat Rietvlei Hartbeespoort 
Formal and informal 
residential land 
29.4 21.2 18.3 
Cultivated land 8.7 35.0 4.5 
Open land 61.5 43.5 76.7 
Industrial and 
commercial land  
0.4 0.3 0.4 
 
1.4.1 Roodeplaat Dam  
Roodeplaat Dam is situated at the confluence of the Pienaars River, the 
Moreleta/Hartbeesspruit, and the Edendalespruit, 20 km north-east of Pretoria. These rivers 
drain the highly populated areas of eastern Pretoria. There are two point sources in the 
catchment, the Baviaanspoort Water Care Works (WCW) situated on the Pienaars River, and 
the Zeekoegat WCW that discharges directly into Roodeplaat Dam.  There are also non-point 
sources which include formal and informal settlements, as well as agricultural activities along 
the banks of the tributaries (Hohls et al. 1998).  
The Baviaanspoort WCW is located approximately 10 km upstream of the Roodeplaat Dam 
on the eastern bank of the Pienaars River (Van Zyl and Benadé, 1994). The Zeekoegat WCW 
is located immediately to the west of the Roodeplaat Dam. The treated effluent flows into the 
Roodeplaat Dam via a short earth canal which passes through the Roodeplaat Dam Nature 
Reserve (Van Zyl and Benadé, 1994). Figure 2 shows Roodeplaat catchment area with the 
possible sources of high nutrient enrichment into the Roodeplaat Dam. Figure 3 shows the 
percentage of land use that is industrial and commercial landuse, formal or informal 
residential, and cultivated. The monitoring point is situated at -25.622 and 28.373 as shown in 
Figure 2. 
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Figure 2: Map showing land cover in Roodeplaat Dam Catchment area. Prepared by author data from CSIR 
http://www.gisdevelopment.net/technology/survey/maf06_19abs.htm  
 
Figure 3: Representation (%) of land cover in Roodeplaat Dam  
Open Land
73.9%
Formal and 
informal 
residential Land
22.0%
Cultivated Area
0.5%
Industrial and 
commercial Land
3.6%
Roodeplaat Dam 
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1.4.2 Rietvlei Dam  
Rietvlei dam situated on the Hennops River is in Rietvlei nature reserve.  There is a wetland 
in the reserve which plays an important role as purification system of water thus improving 
water quality (Rossouw et al, 2008). Rietvlei dam nature reserve is affected by agricultural 
fields, airport and human settlement and development projects. 
 On the eastern and southern part of the reserve, the area is used for agriculture purposes 
which produce crop residues, manure and pesticides. Surface run-off from the agricultural 
activities contaminates water resources. Household waste from the human settlement is 
discarded everywhere and are washed into the dam by surface runoff. Figure 4 and Figure 5 
shows the location of the dam and the types of land use which may be possible sources of 
pollution into the dam. The monitoring point is situated at -25.876389 and 28.265278 as 
shown in Figure 4. 
Figure 4: Map showing land cover in Rietvlei Dam Catchment area. Prepared by author from data from CSIR 
http://www.gisdevelopment.net/technology/survey/maf06_19abs.htm  
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Figure 5: Representation (%) of land cover in Rietvlei Dam  
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1.4.3 Hartbeespoort Dam 
Hartbeespoort Dam lies in a valley to the south of the Magaliesberg mountain range and 
north of the Witwatersberg mountain range, about 25 kilometers west of Pretoria. The dam 
was originally used for irrigation. Since the mid twentieth century the dam has been known 
for its poor water quality. The dam has been reported to suffer from severe eutrophication 
resulting from high concentrations of phosphates and nitrates in the Crocodile River, the 
major inflow. The primary pollution sources are industrial and domestic effluent from 
Gauteng (Harding et al, 2004). Ten wastewater treatment plants currently discharge treated 
effluent into tributaries that drain to Hartbeespoort Dam as shown in Figure 6.  Figure 7 
shows the sewage works that drain into the rivers feeding Hartbeespoort Dam and contribute 
to water quality problems experienced in the dam water. Figure 8 shows the representation of 
land cover in the catchment that drain into Hartbeespoort dam tributaries and finally into the 
dam. The monitoring point is situated at -25.7265 and 27.84883934 as shown in Figure 6.    
Figure 6: Map showing land cover in Hartbeespoort Dam Catchment area. Prepared by author using  data from 
CSIR http://www.gisdevelopment.net/technology/survey/maf06_19abs.htm  
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Figure 7: Map showing Sewage works in Hartbeespoort Dam catchment area. Prepared by author using data 
from Department of Water Affairs 2012: http://intranet.dwa.gov.za/IWQS/catalog/titles.htm, Pretoria, South 
Africa.   
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Figure 8: Representation (%) of land cover in Hartbeespoort Dam  
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1.5 Limitations of the study 
A limitation to the study is that the laboratories have not been re-accredited after extensive 
renovation to the building and laboratories in 2009. However the methods used are those that 
were used before the renovations.   
The study is based on sampling points located at the dam wall. The cost of analysis per total 
microcystin sample is +/- R300.00 and the envirologix quantiplate kits for microcystins used 
are imported. The method used to analyse for total microcystin has an upper limit of 2.5μg/L. 
The actual microcystin concentration for samples above this limit is not known.  
1.6 Research plan and time frames 
The study ran over a period of 24 months from January 2012 to December 2013. Table 4 
below gives a breakdown of activities that were done during the study period. The data that 
was used is data from April 2010 to March 2012.  
Table 4: Research plan and time frames  
Time Frame Research plan 
January 2012 to October 2012 Proposal finalization 
November 2012 to January 2013 Data gathering 
February 2013 to August 2013 Data interpretation 
September 2013 to February 2014 Report writing and submission of dissertation  
for assessment  
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Chapter Two: Literature Review 
2.1 Cyanobacteria and toxins 
Symptoms of eutrophication are extremely difficult to manage and often pose long-term 
problems for affected water bodies and the provision of raw potable water. The primary focus 
of South African water resources should be to manage the dams such that they do not exceed 
thresholds above which problems are encountered. For those water resources that have 
become eutrophic there is a need to reduce nutrient loadings so as to reverse the trend. Other 
methods that can be used include sediment removal and restoration of components of the 
ecosystem, lost due to the negative effects of eutrophication (Harding, 2008).    
Cyanobacteria, particularly those that produce toxins (microcystin), are harmful to humans 
and animals. To manage the problem of toxin production, management approaches need to be 
selected and implemented. Potentially effective and achievable means of controlling blooms 
of toxic cyanobacteria include: application of algaecides, nutrient input reduction and ratio 
manipulation, disrupting vertical stratification (through mechanically and hydrologically 
induced vertical stratification), reducing retention time by increasing flushing of bloom-
impacted waters, and biological manipulation (Graneli and Turner, 2006).  
The Department of Health and Human Services in USA suggest that to help reduce the 
occurrence of Cyanobacterial harmful algal blooms there needs to be a reduction in nutrient 
loading of local ponds and lakes by means of using only the recommended amounts of 
fertilizers and pesticides on gardens and crops; proper maintenance of household septic 
systems is required; and maintaining a buffer of natural vegetation around ponds and lakes to 
filter inflowing water (Graneli and Turner, 2006).    
The application of algaecides has been used with considerable short-term success in small 
impoundments that are not used for fishing, drinking water and other animal or human use. 
Disrupting vertical stratification is also feasible in small water bodies. For upstream 
reservoirs that are available for hydrodynamic manipulative purposes, increasing flushing 
may be feasible. Biological manipulation includes approaches to increase grazing pressure on 
harmful cyanobacterial blooms and reduce recycling of nutrients. Biological manipulation is 
a management tool for eutrophic systems whereby there is restriction of excessive 
phytoplankton growth by enhancing the grazing pressure exerted by herbivorous zooplankton 
particularly large-bodied Daphnia, through removal or reduction of zooplankton predators, 
especially zooplankton-feeding fish (Graneli and Turner, 2006).  
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Biological manipulation as a management tool raises questions about long-term efficacy as 
this may lead to dominance by ungrazable or toxic strains. In case where nutrient reduction is 
insufficient to restore water quality then biomanipulation is considered an integrated 
approach. Of all the management approaches nutrient input control remains the most 
effective and long term option (Graneli and Turner, 2006). A study conducted in South Africa 
in Rietvlei dam confirms the ineffectiveness of top-down biomanipulation as a counter-
measure to manage eutrophication in South Africa (Harding and Hart, 2013). In this case 
prevention is better than cure and nutrient control remains the paramount focus for restoring 
eutrophic lakes (Harding and Hart, 2013). 
Many studies have been done on cyanobacteria toxins in water bodies and show that results 
vary from region to region. For example a study conducted in the Philippines in Laguna De 
Bay factors affecting the occurrence and growth of toxic cyanobacteria were investigated of 
which Microcystis aeruginosa was positively correlated with nitrate and iron. It was 
negatively correlated with occurrences of sunshine and turbidity (Rosales et al., 2011). 
A study was conducted in drinking and recreational water in Seoul in South Korea on the 
relationship between cyanobacteria biomass, chlorophyll a and total microcystin. The results 
indicated that total microcystin was below the WHO guideline danger level while chlorophyll 
a and cyanobacterial cell counts were within the ‘cautious’ and ‘alert’ level for drinking and 
recreational water. This suggests that the inconsistency in these three variables can lead to 
unnecessary alerts and might increase water management costs (Kim et al., 2010). 
The outcome of a study conducted in small high altitude tropical reservoirs in Kenya 
suggested a management approach to the cyanotoxin concentrations that were above the 
recommended WHO safe limits for drinking water. One of the management approaches 
suggested to minimise the cyanotoxins in the reservoirs is to increase the concentration of 
activated sediment carbon in the reservoir to reduce phosphorus content in water. Another 
method would be for the local community to introduce waste charcoal into the affected 
reservoirs in streams which flow through the village and eventually into the reservoirs. 
Kitchen ash can also be used as it is a cheap source of carbon from fuel-wood and charcoal 
(Mwaura et al., 2004).     
Lake Nieuwe Meer in Amsterdam experienced extensive growth of Microcystis with 
disturbing scum forming. To solve the problem bubble plume artificial mixers were installed. 
Pressurised air is conducted to the lake bottom. The water from the lower layers reaches the 
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surface and is spread out and flows back to the lake bottom. Microcystis is prevented from 
staying in the euphotic zone hindering its growth. Since the installation of the bubble plume 
in 1993 Microcystis is 20 times lower than during the years before the mixing. The Lake is 
now dominated by flagellates, green-algae and diatoms. The results show that the total 
contents of both nitrogen and phosphate did not change when the lake was mixed. 
Chlorophyll-a concentration decreased but transparency remained almost the same with or 
without mixing. The design was made specifically for the lake’s problems and is based on the 
physical data of algae and the plant (Jungo et al., 2001).  
2.2 Why is Eutrophication difficult to manage?  
Thornton et al. (2013) after Rittel and Weber (1973) indentified eutrophication as a ‘wicked’ 
problem which is distinguished by the following characteristics: 
1.  There is no single answer applicable to resolve a wicked problem. 
2. There is no end point in implementing a solution to a wicked problem. 
3. There are no true-false answers to resolving a wicked problem. 
4. There is no complete understanding of the outcomes associated with interventions 
intended to resolve a wicked problem. 
5. Every solution applied to a wicked problem is unique and has a unique outcome. 
6. There is no fixed number of approaches that will resolve a wicked problem. 
7. Every wicked problem is unique. 
8. Every wicked problem is a symptom of another problem. 
9. The application of one intervention to resolve a specific wicked problem may have a 
different outcome when applied to a similar problem in a different location.  
10. The planner has no right to be wrong  
(Thornton et al., 2013).  
Eutrophication is a worldwide problem which has no one solution. Each region has different 
chemical and physical characteristics which determine which method to be used to solve the 
problem of eutrophication. Managers see themselves with a responsibility to solve 
eutrophication but underestimate the different factors that lead to it and how it has to be 
solved for each water body. 
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2.3 Sources of phosphorus which give rise to eutrophication in South African Waters  
Wamsley (2000) identified phosphorus as the fundamental cause of eutrophication in South 
Africa. Phosphorus is a growth limiting nutrient in aquatic ecosystems. There are point and 
non-point sources of phosphorus. Sewage and industrial effluents have been identified as the 
major contributors of phosphorus on South African waters. In domestic waste water human 
excreta and synthetic laundry detergents have been identified as the major source of 
phosphorus. Industrial wastewaters typically high in phosphorus include those generated 
from fertilizer production, feedlots, meat processing and packaging, milk processing and 
commercial laundries (Wiechers and Heynike, 1986).    
Non-point sources of phosphorus include: effluent from non-sewered populated areas, urban 
runoff, runoff from both cultivated and uncultivated land, groundwater and both wet and dry 
atmospheric precipitation. Lake bottom sediment is also identified as a significant nonpoint 
source of phosphorus (Wiechers and Heynike, 1986). Sediments do not only act as sinks of 
nutrients but also as a source (Aigars and Carman, 2001) 
2.4 Ecological strategy for eutrophication control  
A study conducted in Danjiangkou Reservoir in China indicated that non-point source 
pollution management should be given high priority in catchment nutrient control as the 
study showed that non-point source pollution was on the increase. These non-point sources 
include agricultural domestic loads, fertilizer application and livestock farming (Tang, et al, 
2011). 
To control eutrophication and reduce nutrients ecological techniques were used. These 
include creation of riparian zone, constructed wetlands, floating islands, restoration of 
submerged wetlands, floating islands, restoration of submerged hydrophytes, combined 
system of aquatic fauna and flora and the construction of pre-dams (Tang, et al, 2011). The 
best technique to use is determined by aspects of engineering, as well as ecological, 
biological, environmental and economic advantages and disadvantages. Looking at all the 
techniques used to control and manage eutrophication and the aspects of engineering in 
Dajingkou reservoir novel ecological filtration and a purification dam were designed for 
eutrophication control (Tang, et al, 2011).   
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2.5 Cyanobacteria in South Africa 
Changes that occur in a phytoplankton community and ultimately the formation of 
cyanobacterial blooms are a result of complex and dynamic relationships between physical 
and biological factors, some of which are temperature, pH and nutrient availability (Harding 
and Paxton, 2001). Cyanobacteria have a wide range of temperature tolerances, but rapid 
growth rates are usually achieved when the water temperature exceeds 20
o
C (Du Preez and 
Van Baalen, 2006). pH values between 7.5 and 10 are growth optima for cyanobacteria 
because they are alkalophiles ( Thajuddin and Subramanian, 2005).  
In South Africa the genus Microcystis contains non-toxic and toxic strains and toxicity is 
affected by various environmental factors. These include water temperature, pH, and intensity 
of solar radiation, dissolved oxygen and carbon dioxide availability. When the organisms are 
stressed by any of these factors then microcystin concentrations are usually higher 
(Grobbelaar et al., 2004).  
Environmental conditions that favour cyanobacterial bloom formation include; moderate to 
high levels of nutrients especially phosphorus and nitrate or ammonia, water temperature 
between 15 and 30
 o
C and a pH of between 6 and 9 or higher (Wicks and Theil, 1990). An 
experiment conducted to determine the effects of pH on the growth of Oscillatoria species 
and Microcystis species under laboratory conditions showed that water pH levels between 7.5 
and 9.0 were suitable for growth of both species, while pH below or above this range caused 
significant decrease in growth of these species (Wangwibulkit et al, 2008).   
Microcystis spp. is the dominant bloom-forming cyanobacterial species while Oscillatoria 
spp and Cylindrospermopsis are also reported to occur in bloom-forming conditions. 
Cyanobacteria blooms in South Africa are severe and this is evident in the number of 
livestock and wild animal deaths reported as long ago as 1950. Also in Kruger National Park 
in 2005 and 2007 there were mammal deaths which were associated with eutrophication- 
related contamination (van Ginkel, 2011).  
In a study conducted in Gauteng and surrounding areas for the period November 1993 to 
November 1994, Roodeplaat Dam, Rietvlei Dam and Hartbeespoort Dam were listed among 
the dams that demonstrated positive toxicity either by the mouse bioassay, or by livestock 
deaths in the period 1976 to 1986 (Downing and Van Ginkel, 2004 after Quibell et. al., 1995) 
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2.6 Routes of exposure of cyanobacterial Toxins  
Exposure to cyanobacterial toxins is frequently experienced by animals more than humans 
because animals drink and swim in water that is contaminated with toxins which people avoid 
when there are signs of unpleasant taste and odour problems (Senior, 1960). Humans are 
exposed to the toxins through drinking water and recreational water supplies (Carmichael and 
Falconer, 1998). Humans can get in contact with contaminated water through direct contact 
with the blooms or accidental uptake of cells, or swallowing or aspiration during recreational 
activities. Drinking and household use of water that is containing cells or toxins is another 
exposure method humans encounter. Using untreated water for irrigation and lawn watering 
may put people at risk through aerosols containing cells or toxins. Dialysis patients may be 
exposed if the source of water for their medical procedure develops a cyanobacterial bloom 
and is not appropriately treated before use (Hindman et. al, 1975).   
2.7 Health effects associated with Cyanobacterial toxins 
Exposure to cyanobacterial toxins results in a variety of symptoms and illnesses (Hunter 
1998, Falconer 1998). Bourke and Hawes, 1983 indicate that people swimming in 
contaminated lakes have experienced conjunctivitis, earache, swollen lips, allergic dermatitis 
and a hayfever-like syndrome. Hayfever, asthma and eye irritation was reported in people 
who swam in an Oscillatoria bloom (Heise, 1951). People who swallowed small volumes of 
Microcystis and Anabaena blooms reported headache, stomach cramps, nausea and painful 
diarrhea (Dillenberg and Dehnel, 1960). People reported headache, stomach cramps, diarrhea 
and hayfever symptoms after swimming and boating in a lake in Pennsylvania (Billings, 
1981).  
2.8 Roodeplaat Dam rehabilitation  
To improve water quality in selected eutrophic dams in South Africa the Department of 
Water Affairs introduced an effluent standard of 1 mg/L phosphate which was to be 
implemented in sensitive catchments. The implementation was to take place in Water Care 
Works (WCW) in 1985. Roodeplaat Dam was one of the dams where the effluent standard 
was implemented. Two water care works situated in the Roodeplaat Dam catchment, 
Baviaanspoort Water Care Works (1988) and Zeekoegat WCW (1992) were amongst those 
selected for the effluent standard of 1 mg/L. Total phosphorus is considered as the most 
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manageable nutrient as there are cost effective technologies available for its removal from 
wastewater (Hohls et al. 1998).  
2.9 Rietvlei Dam rehabilitation   
Ashton (1976) observed in Rietvlei Dam that after winter overturn the concentrations of 
dissolved nitrogenous and phosphorus compounds in the surface waters were high with low 
water temperatures that prevented the growth of green and blue-green algae. As temperatures 
increased, non-nitrogen fixing species became dominant and reduced the amount of available 
nitrogenous compound resulting in a phosphorus rich environment suitable for the onset of 
nitrogenous fixing blue-green algae (Anabaena). Cooler weather and heavy rainfall caused a 
disappearance of Anabaena bloom and the release of large quantities of nitrogen. This led to 
the creation of an environment suitable for the onset of noxious nitrogen-requiring 
cyanobacteria (Microcystis) that are able to tolerate lower water temperature (Ashton, 1976)  
Rietvlei dam has been classified as extremely eutrophic and water quality has been 
deteriorating in the dam (van Ginkel 2005). To improve water quality in the dam the city of 
Tshwane together with the Department of Water Affairs (DWA) installed six SolarBee 
circulation machines in July 2008. At present there are sixteen SolarBee-induced long-
distance circulation machines installed in the dam. The SolarBees (Solar powered reservoir 
circulator) were installed to test the applicability of epilimnion mixing for the prevention of 
cyanobacterial development in South African reservoirs (Harding et al., 2009). 
Monitoring and data collection since the installation of the SolarBees has shown 
improvement in the water in the dam (van Vuuren, 2012). A question arose as to whether the 
improvement in the dam water quality is due to the installation of the SolarBees or if there 
are other factors that might lead to the improvement. Research is ongoing to discover the 
reasons for the sudden improvement in Rietvlei water quality (van Vuuren, 2012).     
2.10 Hartbeespoort Dam remediation practices 
The dam experienced the growth of water hyacinth in the water and in 1978 the Department 
of Water Affairs decided to chemically treat the water by spraying the water hyacinth in the 
dam. The spraying resulted in more water hyacinth growth and the status of dam changed 
from eutrophic to hypertrophic. The water hyacinth is now removed physically from the dam 
(Department of Water Affairs, 2012b).      
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High levels of nutrients resulted in algal growth in the dam. This has been experienced in the 
summer months as well as winter months.  Algae in the dam are removed from the surface by 
means of floating booms and also by active removal. There is a pump station used for 
pumping of thicker algal scums and also a small unit called a super sucker that was built for 
the programme which enables any property development along the dam shoreline to remove 
algae. The algae are then turned into compost (Department of Water Affairs, 2012b).  
Eutrophication has distorted the food web and the entire aquatic ecosystem resulting in the 
dominance of exotic and undesired fish species which in turn causes depletion of zooplankton 
and desired fish species. The plan is to shift the fish population back to the indigenous and 
desired fish species to dominate in the dam (Department of Water Affairs, 2012b).  
There has been an increase of residential and commercial development in the catchment 
which results in substantial pressure on the environment and the dam. The aim is to replace 
degraded shoreline by planting plant biomass and introducing floating wetlands in areas that 
are severely impacted. This will assist in rehabilitating the shoreline and for the wetlands to 
improve the habitat conditions for the breeding and maintenance of zooplankton, 
invertebrates, insects, fish and bird population (Department of Water Affairs, 2012b).  
There are excessive nutrients in the dam that are trapped in the sediment which is constantly 
re-circulated. The aim is to reduce internal nutrient loads and the recycling of nutrients by 
dredging the active sediment layer (Department of Water Affairs, 2012b).  
2.11 Management of water resources 
There are both point and nonpoint sources of water pollution. Quibell et. al (2003) indentifies 
nonpoint source management needs required by the National Water Act. The act indicates 
that to protect water resources of the country resource directed measures are necessary. 
Resource directed measures include the identification of nonpoint sources that have a high 
potential of pollution in sensitive water resources.  
Source directed controls include the prioritisation of nonpoint source land use for purposes of 
developing management practices and the assessment of effectiveness of the management 
practices (Quibell et. al, 2003). The Department of Water Affairs intends to manage nonpoint 
sources of pollution by means of catchment management approaches. These approaches 
involve: 
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o the identification of nonpoint sources of pollution in the catchment;  
o determining the relative contribution of these sources of water quality problems;  
o determining the likely impacts of land use planning decisions on water quality, and 
o determining the likely effects of nonpoint source management on catchment water 
quality (Quibell et. al, 2003). 
2.12 Management of Eutrophication  
Controlling the causes of eutrophication is the most effective control method for a water 
body. Most long-term eutrophication control measures are aimed at reducing the external 
loads of nutrients to a water body. In cases where the desired conditions are met, control 
programmes target the symptoms of eutrophication even though the controls do not eliminate 
the basic problem of nutrient enrichment (Rossouw et al., 2008 after Ryding and Rast, 1989 
and Wamsley, 2000). There are three ways to control and manage eutrophication: reduce 
external nutrient loads; in-lake management techniques and measures to control the 
symptoms (Rossouw et al., 2008). 
Controlling external nutrient loads is a measure used to control and manage eutrophication. 
This includes the modification of domestic and industrial phosphate based detergents so as to 
minimise the nutrient inputs to the catchment; setting of standards for nutrient emissions by 
wastewater treatment works; control of non-point sources of nutrients to the catchment 
particularly nutrients from agriculture sector and treatment of tributary influent water by 
means of in-stream removal techniques (Rossouw et al., 2008). 
Another option of controlling and managing eutrophication is the in-lake management 
technique. This method includes, nutrient inactivation to bind nutrients to the sediments and 
allow the nutrients to settle within the sediment; selective discharge levels to withdraw 
nutrients rich water from the bottom water; aeration of the hypolimnion to reduce the release 
of nutrients from the bottom sediment; manipulation of the food chain; using chemicals to 
control nuisance algal blooms of invasive plant growth and dredging of the nutrient rich 
sediments and disposal of the sediment outside of the reservoir basin (Rossouw et al., 2008).   
Eutrophication can also be controlled by controlling the symptoms which are often short-
term. These include the use of chemicals to control algal blooms; using physical barriers such 
as floating screens to contain algal blooms or nuisance plants in a restricted area and for 
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water treatment plants to treat eutrophied water for domestic water supply. Dissolved air 
floatation and activated carbon are often included in the design of treatment plants (Rossouw 
et al., 2008). 
The production and delivery of waste usually takes place in the catchment upstream of a dam. 
To prevent or minimise and not just control waste the management strategy for a dam must 
focus on the catchment as the basic management unit (Freeman et. al., 2000). 
2.13 Principles for Managing Dams   
To manage dams the World Lake Vision Committee (2003) identified principles which are 
implemented with the framework of integrated water resources management. These 
principles provide guidance to the public, decision makers, scientists and other lake 
stakeholders which assist in managing lakes (dams) for their sustainable use. These principles 
aid in the provision of water from lakes for drinking, sanitation, food production, economic 
development and food control and also insuring ecosystem health.  
The principles identified indicate that: 
1. A harmonious relationship between human and nature is essential for the sustainable 
use of lakes (and dams); 
2. Drainage basin is the logical starting point for planning and management actions for 
sustainable lake use; 
3. A long-term preventative approach directed to preventing the cause of lake 
degradation is essential; 
4. Policy development and decision making for lake management should be based on 
sound  science and the best available information; 
5. The management of lakes for their sustainable use requires the resolution of conflicts 
among competing users of lake resources. Taking into account the needs of present 
and future generations and nature; 
6. The citizens and other stakeholders should be encouraged to participate meaningfully 
in identifying and resolving critical lake problems; 
7. Good governance, based on fairness, transparency and empowerment of all 
stakeholders, is essential for sustainable lake use (World Lake Vision Committee, 
2003) 
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Chapter 3 
 
3.1 Research methodology 
Collection of samples is done by the Resource Quality Services (RQS) sampling team every 
two weeks in the morning with the time ranging between 09:00 and 10:00. The samples are 
analysed for major inorganic ions of which total phosphorus is the variable that will be used 
for the study because phosphorus is the one nutrient responsible for fertilisation of lakes 
leading to increased algal biomass with particular reference to cyanobacteria that have a 
potential of producing toxins (Wetzel, 1983). Other analyses are: algal identification, 
chlorophyll a concentration, algal scum for toxicological test and in situ variables 
(temperature, and Secchi disk reading) Figure 9. The samples for major inorganic ions, algal 
identification and chlorophyll a concentrations are collected using a 5m hosepipe (integrated 
sample). An integrated water sample is a representative sample of the water column from the 
surface to a depth of 5m. This form of sampling gives an indication of the overall population. 
Figure 10 show how the integrated sample is collected for all the water samples.  
The in situ variables, temperature, and Secchi disk reading are recorded on a record sheet and 
captured on the Department of Water Affairs Water Management System (WMS) on arrival 
at the laboratory. Figure 9 shows the method for Secchi depth measurements.  
 
                   (a)                                            (b)                                       (c)  
Figure 9: (a) shows lowering the Secchi disk for checking light transparency, (b) lowering the Secchi disk until 
it cannot be seen and (c) reading Secchi depth so as to record the light transparency of the water column. Photos 
by: B. Hohls  
28 
 
  
                    (a)                                   (b)                                              (c) 
   
              (d)  
Figure 10: (a) shows vertically lowering the five meter hosepipe into the water,  (b) lowering the pipe at five 
meters deep, (c) and (d) five meter pipe full and pulled up for pouring in bucket and then to sampling bottles. 
Photos by: B. Hohls   
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Major inorganic ions samples are transported in plastic bottles. Each sample is preserved with 
mercury chloride, labelled and stored in a cooler box. The hydrobiological samples for algal 
identification and chlorophyll a analysis are stored in a 1 litre plastic bottle kept in a cooler 
box and taken to the laboratory for analysis. A cyanobacteria sample for toxin determination 
is collected with a wide necked 1 litre glass bottle. The bottle is filled to the top. All the 
samples are kept in a cooler box and transported to the Department of Water Affairs 
Laboratory in Resource Quality Services for analysis. Figure 11 shows the sampling bottles 
used for collecting samples.  
 
                       (a)                                               (b)                                           (c) 
Figure 11: (a) Plastic bottle used to collect inorganic water samples, (b) 1 litre bottle used to collect 
hydrobiological samples and (c) glass bottle used to collect microcystin sample. Photos by: Author 
The analysis of samples is done in the Resource Quality Services laboratories. The analytical 
procedure used for total phosphorus is method 5001.12 photometric determination of total 
phosphorus (TP) with optimum concentration range: 0.012 to 0.500mg phosphorus/L 
(Department of Water Affairs, 2009d). The analytical method used to identify algal 
composition is method 2000001, the phytoplankton identification and percentage 
representation inverted microscope method, whereby algae are identified and their percentage 
representation estimated in relation to all algae present (Department of Water Affairs, 2009b). 
The analytical procedure used for chlorophyll a is method 2002005 chlorophyll a 
spectrophotometric method. The resulting absorbance measurements are then applied to a 
standard equation (Department of Water Affairs, 2009c).  
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The sample for cyanobacteria toxins is analysed by the QuantiPlate microcystin method using 
Enzyme-linked ImmunoSorbent Assay (ELISA). The method is used to perform quantitative 
laboratory detection of microcystin toxins in raw water and potable water samples. The 
results are reported as follows: the microcystin concentration is expressed as µg/L to 2 
decimal places. The detection limit of the method is 0.16µg/L. If the microcystin 
concentration of a sample is lower than 0.16 µg/L the result is reported as <0.16 µg/L or 
when it is higher than that of the highest calibrator it is reported as >2.50 µg/L (Department 
of Water Affairs, 2009a).  
To interpret total microcystin the World Health Organisation (1µg/L), Australia (1.3µg/L) 
and Canada (1.5µg/L) safe drinking water guidelines are used (World Health Organization, 
1999). Algae that are included in the study are the ones that have a potential of producing 
toxins. Secchi depth measurements were collated in order to see the clarity of water as it is 
primarily used as an indicator of algal abundance and general lake productivity. The 
benchmarks used are those used by the NEMP to indicate whether the water is highly turbid, 
turbid or clear. Temperature is also an important variable to include in this study because 
optimum temperature for toxin production in cyanobacteria is between 20 ºC and 25ºC (Du 
Preez and Van Baalen 2006).  
After analysis the data is captured and stored in Department of Water Affairs Water 
Management System and is ready to be interpreted.  
On the 15 September 2013 the researcher visited Roodeplaat Dam catchment area, on the 16 
September 2013 the researcher visited Rietvlei Dam catchment and on the 17 September 
2013 the researcher visited Hartbeespoort Dam catchment area. The catchment areas of the 
different dams were visited to investigate all possible water quality polluters. This 
information was used to correlate with the analysed data to determine the potential presence 
of cyanobacteria toxins in the three dams. Maps indicating the possible polluters have been 
plotted together with the information gathered on the ground to assist in interpreting the data 
(Figures 2, 4, 6 and 7).  
The results of the chemical, hydrobiological and physical analysis have been with the 
National Eutrophication Monitoring Programme guidelines (Department of Water Affairs and 
Forestry, 2002). The implications of results for the health of water users are discussed later.    
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Total phosphorus, chlorophyll a and total microcystin were plotted using an R-script 
(Appendix 1 to Appendix 3) (Venables et al., 2012). Secchi disk readings, pH and algal 
composition were plotted using Microsoft Excel (2007).   
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Chapter 4 
4. Results  
To investigate the effectiveness of techniques deployed in Roodeplaat Dam, Rietvlei Dam 
and Hartbeespoort Dam, analytical and physical data is plotted for all the dams. The graphs 
show the concentration of each variable. All the variables are compared to eutrophication and 
total microcystin standards.  
4.1 Roodeplaat Dam 
 
Figure 12: Total phosphorus concentration in Roodeplaat Dam from April 2010 to March 2012 
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In Roodeplaat dam throughout the study period total phosphorus concentrations show that 
there is significant and serious potential of algal and plant productivity both during wet and 
dry season, with one exception in the wet season in 2011. On the 28/11/2011 the potential for 
algal growth and plant productivity was moderate (Figure 12). Of 41 data sets used for 
interpretation only one data set showed a moderate situation while the rest of the data sets 
showed that the potential for algal growth and productivity in the dam is significant to 
serious.  
 
Figure 13: Secchi depth reading in Roodeplaat Dam from April 2010 to March 2012 (red dots show when the 
water was most turbid) 
Secchi disk reading indicates the clarity and turbidity of water.   The water is clear if light can 
penetrate to a depth of more than 0.8m (Department of Water Affairs and Forestry, 2002). 
Secchi disk transparency in Roodeplaat dam indicates that the dam is clear for majority of the 
time as light transparency is above 0.8m except for three instances on 2010/04/19, 
2011/01/10 and 2011/02/07 when the water was turbid (Figure 13).  
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Figure 14:  Surface Water Temperature readings in Roodeplaat Dam from May 2010 to March 2012 
Roodeplaat Dam water temperature in the wet season throughout the study period is mostly 
between 20ºC and 25ºC. In the dry season the temperatures were below 20ºC (Figure 14).   
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Figure 15: pH values in Roodeplaat dam from April 2010 to March 2012 
Most of the time pH values in Roodeplaat Dam are suitable for the growth of cyanobacteria 
(pH values between 7.5 and 9) (Thajuddin and Subramanion, 2005, Wicks and Thiel, 1990 
and Wangwibulkit et al, 2008). On one occasion on 13/12/2010 the pH value was 7.2 (Figure 
15).   
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Figure 16: Chlorophyll a concentration in Roodeplaat Dam from April 2010 to March 2012 
Figure 16 shows the chlorophyll a concentration in the dam. Forty-four data sets were used 
for the interpretation and they range from oligotrophic to mesotrophic to eutrophic to 
hypereutrophic in both the wet and the dry season. The dam has been most of the time 
eutrophic to hypereutrophic in both the dry and wet season.  
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(a) 
 
(b) 
Figure 17: (a) Algal composition and (b) cyanobacteria biomass in Roodeplaat Dam from April 2010 to March 
2012 
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The toxin producing algae are the Cyanobacteria which have been present for more than 50% 
of the time. The toxin producing Cyanobacteria were not present in 2010 and 2011 from June 
which is the dry season to October at the start of the wet season. During the wet season they 
were present in both years and in 2012 (Figure 17 (a) and (b)).  
 
Figure 18: Total Microcystin concentration in Roodeplaat Dam from April 2010 to March  
Figure 18 shows the concentration of Total Microcystin at Roodeplaat dam during the study 
period and indicates that majority of the time in the wet season total microcystin 
concentrations was serious (Above 1μg/L WHO safe drinking water quality guideline, 
1.3μg/L Australian safe drinking water quality guidelines and 1.5μg/L Canadian safe drinking 
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water quality guidelines). Conditions that are within the Australian, Canadian and World 
Health Organisation guidelines have been experienced most in the dry season with eleven 
datasets while the wet season only three datasets were within the safe guideline value.   
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4.2 Rietvlei dam 
 
Figure 19: Total phosphorus concentration in Rietvlei Dam from April 2010 to March 2012 
The concentration of total phosphorus in Rietvlei dam from the start of the study sampling 
period has been above 0.13 mg/L which indicates that in the dam there has been a serious 
potential for algal and plant productivity (Figure 19).  Towards the end of the study period 
the potential for algal and plant productivity ranged from being significant to moderate and 
the last sample the condition went back to being serious.   
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Figure 20: Secchi depth reading in Rietvlei Dam from April 2010 to March 2012 
Figure 20 shows that the Secchi disk transparency in Rietvlei dam in 2010 during the dry 
season has been clear. In the wet season 2010 to 2011 in one instance the water was turbid 
but clear on all other sampling days. In the dry season in 2011 the water was clear. In the wet 
season 2011 to 2012 the condition ranged from clear to being turbid.            
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Figure 21: Surface Water Temperature readings in Rietvlei Dam from April 2010 to March 2012 
Rietvlei Dam water temperature in the wet season throughout the study period is mostly 
above 20ºC up to 25ºC which is a favourable temperature for toxin production by toxin 
producing genera (Figure 21). In the dry season the temperatures were below 20ºC which 
does not lead to rapid growth of toxin production in toxin producing genera (du Preez and 
van Baalen, 2006).   
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Figure 22: pH values in Rietvlei dam from April 2010 to March 2012 
Figure 22 shows that the pH range in the dam was between 7.5 and 10 throughout the study 
period. This indicates that the pH values are suitable for algal growth. (Thajuddin and 
Subramanion, 2005, Wicks and Thiel, 1990 and Wangwibulkit et al, 2008). 
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Figure 23: Chlorophyll a concentration in Rietvlei Dam from April 2010 to March 2012 
In Rietvlei dam in 2010 during the dry season the condition ranged from hypereutrophic to 
eutrophic and oligotrophic (Figure 23). Thereafter during the study period in both the wet and 
the dry season the conditions have been mostly hypereutrophic with few changes to 
mesotrophic and eutrophic.    
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(a) 
 
(b) 
Figure 24: (a) Algal composition and (b) cyanobacteria biomass in Rietvlei Dam from April 2010 to March 
2012 
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Figure 24(a) and (b) shows the algal biomass in Rietvlei dam from the beginning of the study 
period with one instance when there was presence of cyanobacteria which have a potential of 
producing toxins. In 2010 and 2011 during the dry season there were no toxin producing 
algae. In 2010 to 2011 in the wet season in only two instances where the toxic producing 
algae were present. In 2012 during the wet season toxic producing algae were present ranging 
from 40% to 100% of the total biomass.  
 
Figure 25: Total Microcystin concentration in Rietvlei Dam from April 2010 to March 2012   
Sampling for Total Microcystin in Rietvlei dam started in November 2010 as shown in Figure 
21. In 2010 in the wet season total microcystin was above the World Health Organisation 
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(WHO) safe drinking water guidelines, Australian drinking water guidelines and Canadian 
safe drinking water guidelines. In 2011 in the dry season the concentration of total 
microcystin was below the WHO safe drinking water guidelines. In the wet season 2011 to 
2012 the concentrations were above the safe drinking water guidelines from WHO, Australia 
and Canada.   
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4.3 Hartbeespoort Dam  
 
Figure 26: Total phosphorus concentration in Hartbeespoort Dam from April 2010 to March 2012 (red dot 
indicates a moderate potential for algal and plant production) 
Potential for algal and plant production in Hartbeespoort dam during the study period 
indicates that the condition was significant to serious except for one instance in June 2011 
(dry season) when it was moderate (Figure 26).   
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Figure 27: Secchi depth reading in Hartbeespoort Dam from April 2010 to March 2012 
Secchi depth readings indicate that the water in Hartbeespoort dam in the wet season in few 
instances was turbid. Most of the time the water was clear in both the wet and the dry season 
(Figure 27).  
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Figure 28: Surface Water Temperature readings in Hartbeespoort Dam from April 2010 to March 2012 
Hartbeespoort Dam water temperature in the wet season throughout the study period is 
mostly above 20ºC up to 25ºC which is a favourable temperature for toxin production by 
toxin producing genera. In the dry season the temperatures were below 20ºC which does not 
trigger toxin production in toxin producing genera (Figure 28).   
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Figure 29:  pH values in Hartbeespoort dam from April 2010 to March 2012 
Figure 29 indicates that in Hartbeespoort dam majority of the time during the study period pH 
values were suitable for algal growth (Thajuddin and Subramanion, 2005, Wicks and Thiel, 
1990 and Wangwibulkit et al, 2008).   
6
7
8
9
10
p
H
 V
al
u
e
Hartbeespoort Dam  - pH Values
52 
 
 
Figure 30: Chlorophyll a concentration in Hartbeespoort Dam from April 2010 to March 2012 
Chlorophyll a in Hartbeespoort dam indicates that during 2010 in the dry season the trophic 
status varied from hypereutrophic, oligotrophic, eutrophic to mesotrophic.  During 2011 to 
2012 wet season the trophic status was eutrophic to hypereutrophic (Figure 30).  
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(a) 
 
(b) 
Figure 31: (a) Algal composition and (b) cyanobacteria biomass in Hartbeespoort Dam from April 2010 to 
March 2012 
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The toxin producing genera in Hartbeespoort dam are cyanobacteria as indicated in Figure 
31(a) and (b). In 2010 in the dry and wet season cyanobacteria was present. In the dry season 
in 2011 the genera that produce toxins were not present. In the wet season 2011 to 2012 
cyanobacteria was present.  
 
Figure 32: Total Microcystin concentration in Hartbeespoort Dam from April 2010 to March 2012   
Total Microcystin in Hartbeespoort Dam in the dry season in 2010 ranged from being within 
the safe drinking water quality guidelines to being significant and in two instances serious. In 
2010-2011 during the wet season the condition was serious. In 2011 in the dry season the 
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condition was within the safe drinking water quality guidelines. In the wet season during 
2011- 2012 the condition became serious with one instance being significant (Figure 32).  
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Chapter 5 
5.1 Discussion  
Roodeplaat Dam, Rietvlei Dam and Hartbeespoort Dam were classified as eutrophic and 
demonstrated positive toxicity in a study conducted from November 1993 to November 1994. 
Different management techniques have been implemented to improve the water quality 
problems which result in toxin production by the genus Microcystis.   The current study 
aimed to investigate the effectiveness of the techniques used to improve water quality 
particularly cyanobacteria in the three dams. This has been done by looking at physical data 
(temperature and Secchi readings) as well as analytical data (pH, total phosphorus, 
chlorophyll a and total microcystin).  
Changes that occur in a phytoplankton community and ultimately the formation of 
cyanobacterial blooms are a result of complex and dynamic relationships physical and 
biological, some of which are temperature, pH and nutrient availability (Harding and Paxton, 
2001). Temperature that exceeds 20ºC increases the growth rate of cyanobacteria (Du Preez 
and Van Baalen, 2006). Cyanobacteria favour a pH range between 6 and 9 for their optimal 
growth (Thajuddin and Subramanion, 2005, Wicks and Thiel, 1990 and Wangwibulkit et al, 
2008). Phosphorus is responsible for fertilisation of dams leading to increased algal biomass 
(Wetzel, 1983). Phosphorus has been identified as the fundamental cause of eutrophication in 
South Africa (Wamsley, 2000).  
Eutrophication is identified as a ‘wicked’ problem (Thornton et al., 2013), which does not 
have a single answer applicable to resolve. Every wicked problem is unique. The application 
of one intervention to resolve a specific wicked problem may have a different outcome when 
applied to a similar problem in another area. Methods to manage eutrophication are to reduce 
phosphorus loadings which will lead to decrease in excessive algal biomass (Wetzel, 1983). 
The drainage basin has been identified as the logical starting point for planning and 
management actions for sustainable lake use. The citizens and other stakeholders should be 
encouraged to participate meaningfully in identifying and resolving critical lake problems 
(World Lake Vision Committee, 2003).  
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5.1.1 Roodeplaat Dam 
Roodeplaat dam receives both point and non-point source pollution as it is situated 
downstream of commercial agricultural land and two water care works that drain treated 
effluent into the dam. The land use in the area is comprised of urban development, agriculture 
and industrial areas all of which might affect the dam’s water quality.  Management of 
Roodeplaat Dam has included the introduction of the effluent standard in Bavianspoort Water 
Care Works in 1988 and in Zeekoegat Water Care Works in 1992 (Hohls et al. 1998). 
The other sources are non-point sources which is the informal residential area and the 
agricultural areas along the tributaries that drain into Roodeplaat Dam.  The Department of 
Water Affairs managers in Roodeplaat have been using a catchment management approach 
which only focuses on point sources and not on non-point sources (Rossouw et. al. 2008). 
The method is focusing on controlling the source of pollution.  
Nutrient concentrations near the dam wall indicate that there is serious potential for algal 
growth and productivity most of the time throughout the study period as indicated in Figure 
12. Chlorophyll a indicates that the dam is eutrophic to hypereutrophic throughout the study 
period (wet and dry season) (Figure 16). The dominating algal species in the wet season is the 
toxin producing genus Microcystis (Figure 17). pH values are between 7.5 and 10 throughout 
the study period except in one instance (Figure 15). This pH is suitable for growth of 
cyanobacteria (Thajuddin and Subramanion, 2005, Wicks and Thiel, 1990 and Wangwibulkit 
et al, 2008). Secchi readings indicate that the water is clear most of the time. Temperature in 
the dam indicates that in the dry (winter) season the temperature are not favourable for toxin 
production while in the wet (summer) season the temperatures are favourable for toxin 
production (Figure 14).  The concentration of total microcystin in the wet season most of the 
time is serious as it is above 1.5μg/L which is the highest guideline value used in Canada 
(Figure 18) (WHO, 1999).   
The pH values are suitable for toxin production in the dam throughout the study period. 
Temperatures in the wet season (summer) during the study period were favourable for toxin 
production. The type of algae that was indentified to dominate in the wet season is 
Microcystis which has a potential to produce toxins. The conditions that are favourable for 
toxin production have resulted in the production of total microcystin in the wet season in 
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Roodeplaat Dam. The catchment techniques used to improve water quality problems in the 
dam particularly the production of toxins in the dam water are not effective as suggested by 
the data used for the period 2010/04/01 to 2012/03/31. 
5.1.2 Rietvlei Dam  
In Rietvlei Dam in-lake management in the dam has been implemented since 2008. This is 
done by epilimnion laminar flow for the prevention of cyanobacterial development in South 
African reservoirs (Harding et al., 2009). Rietvlei dam is the first dam where the SolarBee 
machines were installed in Africa. The dam is receiving both point and non-point sources of 
pollution. Upstream of Rietvlei Dam are two sewage works, urban development, agricultural 
area and formal and informal settlements. All these land use areas have a potential of 
releasing waste that can pollute water that drains into tributaries that feed Rietvlei Dam. 
Nutrient concentrations near the dam wall indicate that there is serious potential for algal 
growth and productivity most of the time throughout the study period. Chlorophyll a 
concentrations indicates that the dam is eutrophic to hypertrophic most of the time during the 
study period (wet and dry season) (Figure 23). The dominating algal species in the wet season 
2011 to 2012 is the toxin producing genus Microcystis (Figure 24). The preceding cycle in 
the study period indicated Green algae, Dinoflagellates and Diatoms as the dominant algal 
species which do not produce toxins.   pH values are between 7.5 and 10 throughout the study 
period (Figure 22). Cyanobacteria favour a pH range that is between 6 and 9 for their optimal 
growth (Thajuddin and Subramanion, 2005, Wicks and Thiel, 1990 and Wangwibulkit et al, 
2008). Secchi readings indicate that the water is clear most of the time. Temperature in the 
dam indicates that in the dry (winter) season the temperature are not favourable for toxin 
production while in the wet (summer) season the temperatures are favourable for toxin 
production (Figure 21).  Total microcystin in the wet season most of the time is serious as it 
is above 1.5μg/L which is the highest guideline value used in Canada (Figure 25) (WHO, 
1999).   
The pH values are favourable for toxin production in the dam throughout the study period. 
Temperatures in the wet season (summer) during the study period were favourable for toxin 
production. The type of algae that was indentified to dominate in the wet season is 
Microcystis which has a potential to produce toxins. The variables that are favourable for 
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toxin production have resulted in the production of total microcystin in the wet season in 
Rietvlei Dam.  
van Vuuren (2012) reported that the SolarBee machines have improved the water quality in 
Rietvlei Dam. The machines are supposed to disturb cyanobacteria growth in the dam which 
produces toxins.  
The data in this thesis suggests that in the wet season when there is high temperature that is 
favourable for toxin production, total microcystin was above the safe drinking water 
guidelines. The SolarBee machines have therefore not completely solved the problem of 
toxin production in the dam, as other factors also lead to cyanobacteria growth.  
 5.1.3 Hartbeespoort Dam 
The technique used to improve water quality in the dam is in-lake management based. These 
include bio-manipulation, dredging the active sediment layer, floating wetlands and others 
(Department of Water Affairs, 2013). Upstream of Hartbeespoort dam there are 10 sewage 
works, commercial agricultural areas, industrial areas and urban development which all have 
a potential of discharging waste into tributaries that drain into Hartbeespoort dam.   
Nutrient concentrations near the dam wall indicate that there is significant to serious potential 
for algal growth and productivity most of the time throughout the study period (Figure 26). 
Chlorophyll a indicates that most of the time the dam is eutrophic to hypereutrophic during 
the study period (wet and dry season) (Figure 30). The dominating algal species in the wet 
season is the toxin producing cyanobacteria Microcystis (Figure 31). pH values are between 
7.5 and 10 throughout the study period (Figure 29). This pH is suitable for growth of 
cyanobacteria (Thajuddin and Subramanion, 2005, Wicks and Thiel, 1990 and Wangwibulkit 
et al, 2008). Secchi readings indicate that the water is clear most of the time. Temperature in 
the dam indicates that in the wet (summer) season the temperatures are favourable for toxin 
production (Figure 28).  Total microcystin is serious in the wet season, most of the time, is 
serious as it is above 1.5μg/L which is the highest guideline value used in Canada (Figure 32) 
(WHO, 1999).   
The pH values in the dam are suitable for toxin production. Temperature in the dam is  
favourable temperature for toxin production. The dominant phytoplankton in the dam is 
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Microcystis which has a potential for toxin production. Total microcystin in the dam during 
the study period indicates that during the wet season the condition is above the safe drinking 
water quality guidelines. The different techniques deployed in Hartbeespoort Dam are not 
effective when it comes to cyanobacteria or toxin production in the wet season.  
5.2 Conditions in the three dams  
There are different techniques used to rehabilitate the dams which started at different times. 
The dams are compared to check if these different techniques used have improved the water 
quality in the dams. Total phosphorus in the three dams during the study period indicates that 
there is serious potential for algal and plant production throughout the study period. Upstream 
of the three dams there are sewage water care works, commercial agricultural land, industrial 
areas and formal and informal settlements. During the rainy season pollution from non-point 
sources of (agricultural land and informal settlement) pollutants can be washed into 
tributaries that drain into the dams.  Point sources of pollution may discharge partial or 
untreated effluent into upstream rivers which flow into the dams. Another source of nutrients 
particularly during the turnover period of the dam is the sediments that release nutrients. 
The study objectives were to quantify total microcystin concentration at all the points in the 
dam as well as nutrients (total phosphorus), surface temperature, identify algal biomass 
particularly cyanobacteria, indicate chlorophyll a, show clarity of the water and show pH 
values. Also to identify possible sources of water quality contamination through field visits. 
Another to identify the risk of using the water by different water users by checking the use 
using literature from previous studies and discuss the risk and make recommendations 
suggesting on how to minimise the risk.   
Roodeplaat Dam, Rietvlei Dam and Hartbeespoort Dam water quality during the study period 
indicates that even though water quality improvement techniques have been deployed 
cyanobacteria are still present in the wet season and they still produce toxins. Toxins in the 
water are experienced more in the summer (wet) season when environmental conditions are 
favourable for their growth. During the summers the warm temperature, the nutrients washed 
by rain into tributaries that drain into the dam, the pH values between 7.5 and 10 and the type 
of algae identified in the dam are all the environmental conditions that result in toxin 
production. Excess nutrients in the dams resulted in phytoplankton increases, which have the 
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potential of producing toxins, especially when Microcystis is the dominant species. This has 
not been the case in Rietvlei dam in the wet season of 2010 to 2011.  Cyanobacteria that 
produce toxins were not present, total microcystin was within the acceptable guidelines but 
all the other environmental factors that are suitable for cyanobacteria blooms were high 
enough to have produced cyanobacteria that produce toxins.   
Impacts upstream of these dams play a major role in the production of cyanobacteria that 
have the potential of produce toxins. Activities observed upstream of the dams are point 
sources (waste water treatment plants) and non-point sources (industrial and commercial 
activities, formal and informal settlements and agricultural activities). In the wet season 
nutrients from non-point sources are washed into tributaries that drain into the dams, thus 
contributing to phosphorus loads into the dams. Point sources discharge treated waste 
containing nutrients into the rivers that end up in the dams.  
The water in the dam is used by different users; recreational, irrigation and drinking. The risk 
associated with using water that is contaminated with toxic cyanobacteria is that it causes 
human and animal illness. Animals have been reported to be the most affected because they 
are more likely to drink and swim in contaminated water that people would not use because 
of bad taste and smell (Senior 1960). Humans are affected through drinking water and 
recreational activities (Carmichael and Falconer, 1993). People swimming in contaminated 
dams have been reported to experience conjunctivitis, earache, swollen lips, allergic 
dermatitis and hayfever symptoms (Bourke and Hawes, 1983). Exposure of crops to 
cyanobacterial toxins via spray irrigation or watering is also a potential concern for human 
health, as these toxins may accumulate in plant tissues and may therefore be carried through 
the food chain (Peathert et al., 2007).  
 5.3 Conclusion  
Techniques to rehabilitate Roodeplaat Dam, Rietvlei Dam and Hartbeespoort dam have been 
implemented. The dams have been experiencing high nutrient concentrations which have 
resulted in harmful toxic production by cyanobacteria. The three dams are used for drinking 
water purposes, recreational activities and irrigation. The toxins could lead to sicknesses as 
well as death in humans and animals when the water is used with partial or no treatment.   
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Point sources as well as non-point sources are the cause of the water quality problems in the 
dams. Phosphorus is the major nutrient responsible for excess nutrients in the dams leading to 
eutrophic to hypereutrophic conditions in the dams. Management options to combat the 
situation have been used with no visible success because the amount of nutrients loads 
entering the dams are not solved.  
Treating the cause and not the effect is the best management approach to use to achieve long 
term solutions to the problems of cyanobacteria production. The measures to rehabilitate the 
dams do not completely solve the problem of toxic cyanobacteria production. To rehabilitate 
the dams more measures should be implemented and management should not focus only on 
in-lake but includes catchment management.  Catchment management options should be 
investigated by water managers, as phosphorus, the main driver of the problem, enters the 
dam from the rivers, which transport phosphorus from point and non-point sources.   
5.4 Recommendations  
 Reduce phosphorus loadings as it leads to decrease in excessive algal and 
cyanobacterial biomass 
 Continue and expand the national eutrophication monitoring programme 
 Ensure that the results are used to inform the relevant catchment managers on status 
of water quality through reports 
 Manage Catchment for point and non-point sources of pollution  
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Appendix 1- R Script (Chlorophyll a)  
# plot chlo a from CSV file 
# source("C:/Users/Madingn/Documents/Toxic_algae/chlorophyla.R") 
chlo <- read.csv("C:/Users/Madingn/Documents/Toxic_algae/Toxic_algae/chlorophyla.csv") 
chlo $Date <- as.Date(chlo$Date,"%Y/%m/%d") 
# plot(chlo$Date, chlo$Results) 
# plot(chlo$Date,chlo$Results, type="l") 
# plot(chlo$Date, chlo$Results, type="h") 
# plot(chlo$Date, chlo$Results, type="h", lwd=4) 
# plot(chlo$Date, chlo$Results, type="h", lwd=4, col="grey") 
c1 <- 10 
c2 <- 20 
c3 <- 30 
plot(chlo$Date, chlo$Results, type="l", lwd=4, col="grey", xlab="Date", ylab="chlorophyll a µg/L") 
points(chlo$Date[chlo$Results < c1], chlo$Results[chlo$Results < c1], pch=16, col="blue") 
points(chlo$Date[chlo$Results >= c1 & chlo$Results < c2], chlo$Results[chlo$Results >= c1 & chlo$Results < 
c2], pch=16, col="green") 
points(chlo$Date[chlo$Results >= c2 & chlo$Results < c3], chlo$Results[chlo$Results >= c2 & chlo$Results < 
c3], pch=16, col="gold") 
points(chlo$Date[chlo$Results >= 30], chlo$Results[chlo$Results >= 30], pch=16, col="red") 
title(main=" - Chlorophyll a") 
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Appendix 2 - R Script (Phosphorus) 
# plot Phosphorus from CSV file 
# source("C:/Users/Madingn/Documents/Toxic_algae/phosphorus.R") 
Phosphorus <- read.csv("C:/Users/Madingn/Documents/Toxic_algae/ phosphorus.csv") 
Phosphorus$Date <- as.Date(Phosphorus$Date, "%Y/%m/%d") 
# summary(chla) 
# plot(Phosphorus$Date, Phosphorus$Results) 
# plot(Phosphorus$Date, Phosphorus$Results, type="l") 
# plot(Phosphorus$Date, Phosphorus$Results, type="h") 
# plot(Phosphorus$Date, Phosphorus$Results, type="h", lwd=4) 
# plot(Phosphorus$Date, Phosphorus$Results, type="h", lwd=4, col="grey") 
# help(plot) 
c1 <- 0.015 
c2 <- 0.047 
c3 <- 0.130 
plot(Phosphorus$Date, Phosphorus$Results, type="l", lwd=4, col="grey", xlab="Date", ylab="Total Phosphorus 
mg/L") 
points(Phosphorus$Date[Phosphorus$Results < c1], Phosphorus$Results[Phosphorus$Results < c1], pch=16, 
col="blue") 
points(Phosphorus$Date[Phosphorus$Results >= c1 & Phosphorus$Results < c2], 
Phosphorus$Results[Phosphorus$Results >= c1 & Phosphorus$Results < c2], pch=16, col="green") 
points(Phosphorus$Date[Phosphorus$Results >= c2 & Phosphorus$Results < c3], 
Phosphorus$Results[Phosphorus$Results >= c2 & Phosphorus$Results < c3], pch=16, col="gold") 
points(Phosphorus$Date[Phosphorus$Results >= 0.130], Phosphorus$Results[Phosphorus$Results >= 0.130], 
pch=16, col="red") 
title(main="Total Phosphorus") 
title(sub=paste("Plotted on", format(Sys.time(), "%Y-%m-%d %H:%M")), cex.sub=0.7, col.sub="black") 
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Appendix 3 – R Script (Total microcystin)  
# plot TM from CSV file 
# source("C:/Users/Madingn/Documents/Toxic_algae/HartiesTM_final.R") 
tm <- read.csv("C:/Users/Madingn/Documents/Toxic_algae/Toxic_algae/Hartbeespoort/HartiesTM_final.csv") 
tm$Date <- as.Date(tm$Date, "%Y/%m/%d") 
# plot(tm$Date, tm$Results) 
# plot(tm$Date,tm$Results, type="l") 
# plot(tm$Date, tm$Results, type="h") 
# plot(tm$Date, tm$Results, type="h", lwd=4) 
# plot(tm$Date, tm$Results, type="h", lwd=4, col="grey") 
# help(plot) 
c1 <- 1 
c2 <- 1.5 
c3 <- 2.5 
plot(tm$Date, tm$Results, type="l", lwd=4, col="grey", xlab="Date", ylab="Total Microcystin µg/L") 
points(tm$Date[tm$Results < c1], tm$Results[tm$Results < c1], pch=16, col="blue") 
points(tm$Date[tm$Results >= c1 & tm$Results < c2], tm$Results[tm$Results >= c1 & tm$Results < c2], 
pch=16, col="blue") 
points(tm$Date[tm$Results >= c2 & tm$Results < c3], tm$Results[tm$Results >= c2 & tm$Results < c3], 
pch=16, col="gold") 
points(tm$Date[tm$Results >= 2.5], tm$Results[tm$Results >= 2.5], pch=16, col="red") 
title(main="Hartbeespoort Dam - Total Microcystin") 
title(sub=paste("Plotted on", format(Sys.time(), "%Y-%m-%d %H:%M")), cex.sub=0.7, col.sub="black") 
 
